After the initial report of superconductivity with T c ~ 26 K in LaFeAsO 1-x F x , 1 the maximum superconducting transition temperature for this class of materials was quickly raised to ~ 55 K by replacing La with other rare earth elements 2 or applying an external pressure. 3 Shortly after, superconductivity with T c up to 38 K was observed in doped AFe 2 As 2 (A = Ca, Sr, Ba, and
Eu, "122") compounds, 4 which share the same structural unit of FeAs layers with the RFeAsO (R = rare earth, "1111") system. Although the 1111 system was discovered earlier and manifests a higher T c , the focus of the scientific community has shifted toward the 122 systems because (1) sizeable high quality single crystals of the 122 system have been successfully produced by many groups and both electron and hole doping can be systematically manipulated, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and (2) the growth of large single crystals of the 1111 system has been proven to be difficult so that the largest crystals are still in submillimeter size despite tremendous efforts. 15, 16, 17 Under ambient pressure, plate-like NdFeAsO 1-x F x crystals with the lateral size ranging from 5 to 30 µm and thickness of 1 -5 µm can be grown by the flux method using NaCl as the flux. 17 The growth takes 10 days to homogenize at 1050 ⁰C which suggests the solubility of NdFeAsO in NaCl flux is quite limited at this temperature. Growths at even higher temperature appear necessary but may well be limited by the stability of RFeAsO compounds and/or the high vapor pressure of As.
High pressure growth has generally been more successful in growing larger crystals from the 3 NaCl flux and typical crystals have dimensions on the order of 300 µm. 15 A recent paper reported the growth of CeFeAsO single crystals with the largest dimension reaching 600 µm in Sn-flux, 18 to the best of our knowledge, the largest 1111 single crystal reported to date. LaAs was synthesized by reacting pure La filings and As pieces in a quartz ampoule partially filled with Ar. The ampoule was ramped to 600 C at the rate of 50 C per hour, held at temperature for 15 hours, and then heated to 900 C in 3 hours and held 15 hours. NaAs was prepared by reacting Na and As chunks in a sealed Ta tube. The Ta tube was sealed in a quartz ampoule and heated to 600 C at the rate of 30 C per hour and held at temperature for 12 hours.
For safety, all reactions which involved elemental As precursor materials were carried out with the sealed ampoules placed in a superalloy retort flushed with flowing nitrogen which was discharged into the laboratory fume exhaust system. The charge and NaAs flux with the molar ratio of 1: 20 were mixed and sealed in a Ta tube under ~1/3 atmosphere of argon gas. The Ta tube was then sealed in an evacuated quartz tube. To ensure safety, the quartz tube was then loaded into an Inconel tube. The entire assembly was then heated in a tube furnace, with a quartz retort under flowing nitrogen, to 1150 C at a rate of 90 C per hour. After holding at 1150 C 4 for 24 hours, it was cooled to 600 C at 3 C per hour followed by a furnace quench to room temperature. As NaAs is highly hydrophilic, the separation of the crystals from flux is easily accomplished by rinsing them with deionized water in a closed fume hood.
The inset of Fig (1 1 7) reflection. The high resolution x-ray diffraction measurements were performed on a crystal mounted in a standard four-circle diffractometer using Cu Kα radiation selected by a Ge (111) monochromator from a rotating anode X-ray source. The measured mosaicity of the crystal was 0.04° full width half maximum for the (1 1 7) reflection at room temperature, indicating the excellent quality of the single crystal. Room temperature powder x-ray diffraction on crushed crystals confirmed that the crystals are single phase (see Fig. 1(b) ) with lattice parameters, a = 4.022(2) Å and c = 8.746(6) Å, consistent with previous reports. 19, 20, 21 Elemental analysis performed using wavelength dispersive x-ray spectroscopy (WDS) in a JEOL JXA-8200
Superprobe electron probe microanalyzer (EPMA) confirmed the atomic ratio of 1:1:1:1 with no noticeable compositional variation of the atomic ratio across the crystal. In particular, we carefully sampled for evidence of Na on clean and cleaved surfaces of various pieces and none was found. The measured structural and magnetic transition temperatures, presented below, agree with previous reports on polycrystalline samples, ruling out the possible substitution of La by Na. Since the starting materials were also exposed to quartz or Ta tubes, we also searched for Six separate single crystals from the same batch were selected for measurements of the in-plane electrical resistivity using a QD Physical Property Measurement System (PPMS).
Electrical contact was made to the samples using LakeShore silver epoxy to attach Cu wires in a 4-probe configuration. Two typical behaviors, designated R1 and R2, were observed as shown in Fig. 2(b) . The decrease in resistivity below T s for R1 is similar to that found for polycrystalline 6 samples. In contrast, R2 increases while cooling below T s . A careful WDS study of these six crystals did not find any noticeable difference of Ta-content. Therefore, it is unlikely that the discrepancy is due to the Ta incorporation. On the other hand, we found that all crystals grown from a mixture with the charge : flux molar ratio of 1 : 10 shows the same R2-type temperature dependence. This indicates that the resistivity anomalies may be sensitive to defects formed in the growth process since the higher dilution ratio generally results in lower growth rates for the same cooling rate. Kapton tape and mounted on a closed cycle, Displex refrigerator. The sample was rocked by ± 3.2º about both axes perpendicular to the incoming beam. Rocking the sample through these small angular ranges provides an image of reciprocal space planes that lie normal to the beam direction. 23 The diffraction patterns were recorded while the temperature was varied between 7
and 165 K. Figure 3 (a) summarizes the single crystal diffraction results. Above T s , high energy
x-ray diffraction revealed only diffraction spots corresponding to the tetragonal space group P4/nmm (see right panel of Fig. 3(b) ), consistent with the earlier report. 1 Below T s = 154.5 K, however, the spots split (see left panel of Fig. 3(b) ) according to the twinning law described in
Ref. [24] , consistent with a tetragonal (P4/nmm)-to-orthorhombic (Cmma) phase transition. The small splitting (≈0.0024) observed at 120 K is, again, consistent with the previous report on polycrystalline samples. 20 The evolution of orthorhombic distortion as a function of temperature was extracted from the splitting of the (2 2 0) diffraction spots using the program FIT2D 25 and shown in Fig. 3(a) . The sharp increase of the orthorhombic distortion below T s ~ 154.5 K confirms the structural transition from tetragonal P4/nmm to orthorhombic Cmma in our LaFeAsO crystals.
Single crystal neutron diffraction was performed on a "large" crystal with the mass of ~ 5 mg. Magnetization measurements on this single crystal confirmed that the magnetic anomaly occurs at the same temperature as the crystal used in the x-ray diffraction study. Single crystal neutron diffraction measurement was performed using the Ames Laboratory HB1A fixedincident-energy triple-axis spectrometer at the High Flux Isotope Reactor of Oak Ridge National Laboratory. Collimations of 48'-48'-sample-40'-68' downstream from reactor to detector were used. The single crystal was oriented in the (hhl) scattering plane, sealed in a helium exchange gas sample can, and cooled to a base temperature of ~10 K using a closed-cycle helium refrigerator. The order parameter was measured by sitting on the (1/2 1/2 3/2) magnetic peak position and slowly ramping the temperature from 10 K to 180 K while counting in ~ 3 minutes time intervals. The temperature dependence of the intensity of the magnetic reflection(1/2 1/2 3/2) is also presented in Fig. 3(a) to highlight the separation of the structural and magnetic phase
transitions. The result clearly shows the onset of magnetic order at T SDW ~ 140 K, which is about
Having demonstrated that NaAs is a suitable flux for the growth of the parent compound LaFeAsO, we extended the growth to the doped LaFe 1-x Co x AsO and LaFeAsO 1-x F x series by partially replacing Fe with Co and NaAs with NaF, respectively. A number of single crystals with various doping contents have successfully been grown.WDS analysis of cleaved surfaces confirms that the doping element entered into the lattice (see Fig. 4 (a) and (b)) for both series.
As with the parent compound, WDS analysis found no sign of Na but ~0.2% (atomic) of Ta in all of our doped crystals. It's noteworthy that NaF might not be a good source for introducing F.
With NaF in flux, the yield of crystals growth was normally low and the crystals were smaller. 
